Upregulation of neurokinin-1 receptor expression in rat spinal cord by an N-terminal metabolite of substance P.
Chronic inflammatory conditions are associated with an upregulation of both substance P (SP) and neurokinin-1 (NK-1) receptors in the dorsal spinal cord. These receptors have been implicated in hyperalgesia as well as stress-induced analgesia. On the basis of the release of SP during chronic pain, and its rapid metabolism, we tested the hypothesis that SP metabolites regulate the synthesis of either SP or NK-1 receptors in the spinal cord. We measured expression of preprotachykinin mRNA and NK-1 receptor mRNA following intrathecally administered substance P(1-7) (SP1-7), the major metabolite of SP in rat, and following capsaicin, a compound known to induce release of endogenous SP. SP(1-7) and capsaicin each increased NK-1 receptor mRNA in the spinal cord (6 h) followed by an increase in NK-1 receptor-immunoreactivity (24 h and 1 week). D-SP(1-7), a D-isomer and antagonist of SP(1-7), did not mimic the effect of SP(1-7), indicating stereoselectivity. Instead, D-SP(1-7) prevented the upregulation of NK-1 receptor immunoreactivity that was induced by capsaicin injected intrathecally, suggesting that the effect of capsaicin is also mediated by SP N-terminal metabolites. In contrast, the decrease in SP synthesis produced by capsaicin was not dependent on SP metabolites as SP(1-7) failed to decrease either preprotachykinin mRNA content in dorsal root ganglia (6 h) or SP immunoreactivity in the lumbar spinal cord (24 h and 1 week). In addition, the effects of capsaicin on SP synthesis were not prevented by D-SP(1-7). Thus, SP metabolites, at times and doses that are antinociceptive, appear to enhance SP-mediated signal transduction by upregulating NK-1 receptor expression without affecting SP synthesis.